Abstract. Service-oriented enterprise architecture and emerging advanced technologies bring up new problems for enterprise systems engineering or, more exactly, for service-oriented enterprise systems (SoESs) engineering. One of the most important issues is the modelling of quality of services (QoS). The QoS is a complex and multi-sided concept. In various contexts and for different aims it may be defined quite differently. In the context of SoES, QoS has also some specifics that in several aspects differ from the systems implementing service-oriented architecture (SOA) in other contexts, for example, in businessto-consumer or utility-service ones. The paper suggests that it is possible to identify several understandings of QoS reflecting the viewpoints of different SoES stakeholders in a similar way as it is carried out for software products. It also proposes a conceptual view-based framework for QoS modelling in webbased SoES and for balancing different viewpoints.
Introduction
Service-oriented Architecture (SOA), cloud computing and other advanced technologies bring up new problems for enterprise engineering. The symbiosis of Enterprise Architecture and SOA results in the so-called Service-oriented Enterprise Architecture (SoEA).
A number of different stakeholders participate in the development, maintenance and service consumption activities during the SoES development lifecycle. They have different, often conflicting understandings of SoES service quality and the way how it should be described, specified, and evaluated. Thus, despite a large number of QoS models and ontologies, the question "What does QoS mean?" still has no final answer, at least, in the context of SoES. The open issue remains also the quality evaluation of the overall SoES. According to [1] , "Discussions in an industrial context brought up controversial opinions: both positive and negative impacts on the overall product quality have been attributed to SOA, which is a clear indicator that SOA is in need of specific quality modelling approaches". This paper aims to cope with the conflicts in QoS evaluation given by different stakeholders of SoES. It proposes a conceptual view-based framework to describe and relate to each other the different viewpoints and perspectives of QoS in web-based SoES. Generalising the hypothesis presented in [2] , we assume that a better overall quality of service can be achieved by the interplay of different viewpoints on quality and different perspectives or layers, in terms of the Open Systems Interconnection Reference Model [3] , when the QoS is considered as a whole, than in cases when different viewpoints and perspectives are examined separately. Notwithstanding the fact that our research is still in progress, we hope that this paper will contribute to deeper understanding of the QoS phenomenon in SoES and its modelling.
The rest of the paper is organised as follows. Section 2 discusses the related works. Section 3 describes the research methodology. Section 4 presents our understanding of SOA and SoES. Section 5 discusses the proposed framework. Finally, Section 6 concludes the paper.
Related Works
A lot of QoS models and ontologies have been proposed. There are also many good and exhaustive surveys on the QoS models ( [4] among others), QoS specification and evaluation. However, there are only a few works [5] , [6] , [7] , [8] surveying QoS models devoted to SoES. Besides, these surveys focus on some specific aspects of the problem and, to the best of our knowledge, no one investigates this problem systematically.
It is not easy to say which of the proposed QoS models is best suited or most representative one. The closest to our research are: a) Quality Model (SQuaRE-WSQM) [9] , b) S-Cube Reference Model (SCRM) [10] , and c) OASIS Quality Model for Web Services (WSQM 2.0) [11] , [12] .
Most of QoS models are more or less exhaustive taxonomies of the quality attributes. SCRM is among the most exhaustive ones. It defines a hierarchical structure of 89 quality attributes on 4 levels together with the definitions and descriptions of these attributes. This classification follows ISO 9126 standard. SQuaRE-WSQM also follows the similar scheme established by ISO/IEC SQuaRE model. It was even developed to be compatible with universal software quality models. SQuaRE WSQM distinguishes 3 different viewpoints corresponding to internal web service quality, external web service quality, and web service quality in use. It takes into account that web services should be viewed as the union of two inseparable parts -a technical interface and business functionality this interface provides an access to. The QoS is decomposed into 6 layers: hardware quality, software quality, service quality, transportation quality, composition quality, and quality in use. This model follows IEEE1061 standard, which requires each quality model to enable the top-down decomposition of quality requirements and bottom-up measurement of quality indicators. It also defines the dependencies among QoS layers in web service lifecycle.
SCRM, partly SQuaRE-WSQM and a number of other similar QoS models can be characterised as taxonomy-based models. Such models structure quality along the characteristics (e.g., security, interoperability, reliability, usability, efficiency, maintainability and portability). As pointed out in [13] , "this classification approach often lacks clear semantics regarding the relationship between super and subattributes". To eliminate this shortcoming, the so-called activity-based quality models, in which the quality is described along the activities performed on or with SOA system, were introduced in [14] . Although the activity-based approach was proposed to model software maintainability, it was also successfully applied to model SOA systems quality [1] .
Like the other taxonomy-based QoS models, WSQM 2.0 provides a hierarchical taxonomy of quality attributes, referred to as quality factors. The model categorises quality factors into two groups: the business quality group and the system quality group [12] . This is in line with the widely accepted understanding of QoS, which currently includes also knowledge about cost, payments and other business-related characteristics. The first group of quality factors is related to business perspective, the second one -to system perspective. The system quality group further is divided into the variant and invariant quality parts. The first one includes quality factors, whose values can be dynamically changed at run-time when a service is used. The second one refers to quality factors, whose values are determined as soon as the service development is completed. It includes interoperability quality, business processing quality, manageability quality, and security quality. The business quality group includes price, penalty and incentive, business performance, service recognition, service reputation and service provider reputation. Thus, WSQM 2.0 is based on the sophisticated and well-developed taxonomy of quality factors. Nevertheless, it cannot be classified as a pure taxonomy-based model -it has some activity-based flavour because the quality factors are interrelated with the so-called quality activities and quality associates. Quality associates are specific roles or tasks within an organisation, which interact with the artefacts or with each other through the activities. Quality activity refers to various action models performed by quality associates to ensure the stability of web services quality, for example, contracting among quality associates [11] .
Some activity-based flavour can be found even in the SQuaRE WSQM because its perspectives are related to the development, management, and employment contracting activities. These activities, in turn, are related to roles (service developer, service provider, service broker, etc.) defined in terms of responsibilities. The model allows one to define additional domain-specific quality characteristics and to make it context-dependent. However, the proposed activities, roles and view dependencies are only mentioned, but not described in detail. The model is too much technology as well as product oriented and encompasses only three viewpoints. Nevertheless, our research to some extent is inspired by the philosophy beyond this model.
There are also ontology-based QoS modelling approaches, for example [15] . However, they are mostly used in QoS modelling for service discovery and are not directly related to our research. Besides, there are no obstacles to use appropriate QoS ontology to model viewpoints and perspectives in the conceptual view-based framework proposed in our paper.
Research Methodology
The research was conducted in two steps. First of all, using the methodology proposed by Webster and Watson [16] , a concept-centric literature survey on the QoS in SOA with special emphasis on SoES was carried out. In the second step, the results of the survey were generalised and juxtaposed against the results of empirical analysis of observations made by the authors working in a research project for the development of an innovative Advanced Planning and Optimisation system for make-to-order production environments.
SOA and SOEA
The most important innovation of service orientation is the manner in which the separation of concerns is done. SOA is an architectural style that implements this approach. SoEA is a substyle of SOA. However, various authors define SOA and SoEA differently. Therefore, before describing the proposed conceptual view-based framework for QoS modelling in SOES, it is necessary to explain what we mean by SOA and SoES in this paper.
We adopt the following SOA definition proposed by Bieberstein et al. [17] : "A service-oriented architecture is a framework for integrating business processes and supporting IT infrastructure as secure, standardized components -services -that can be reused and combined to address changing business priorities".
In this sense, SoEA introduces two new high-level abstractions, namely, enterprise business services (EBS) and enterprise business processes (EBP).
Enterprise business services are the abstractions of existing application capabilities, which are aligned with the enterprise business functions. Note that EBSs are not web services. According to [18] , an EBS is the mechanism by which the needs and capabilities are brought together. It may be viewed "…as the notional or existing business functionality that would address a well-defined need. Service is therefore the implementation of such business functionality that it is accessible through a welldefined interface" [18] . In other words, an EBS is a unit of business logic that implements one well-defined action, for example, creates an order.
EBPs are the abstractions of the overall business functioning. They are defined as orchestrations of EBSs. As a result, SoEA sees a software system as a set of interacting EBSs coordinated by an enterprise business process.
Like SOA, SoEA is "an architectural style where systems consist of service users and service providers" [19] . Service providers are those functional units of the system that offer EBSs. They are analogous to servers in client-server architecture. In other words, they are software units "hosting" one or more EBS. It is assumed that each EBS provider resides in the separate computer network node, which is accessible through the name or locator other than an absolute network address. Services or, more exactly, service consumers in SoEA are those functional units of the system that invoke EBSs provided by service providers. They are analogous to clients in clientserver architecture. In other words, they are software units that form and send requests to service providers. Service consumers can dynamically discover service providers. Service providers and service consumers are role names. It means that in SoEA some functional units, depending on the context, may act in both roles. Each service consumer also resides in a separate computer network node.
SoEA provides a special directory service (also referred to as service discovery agency) that allows service consumers to register and discover any EBS. Besides, any EBS is dynamically bound. It means that a service consumer does not need the EBS implementation available at build time because the service is located and bound at runtime [19] .
The SOA has several substyles. One of the most popular substyles is web-based SOA. Web-based SOA (wbSOA) is SOA that is implemented using web service technology. The same is true for SoEA. We will consider only web-based SoEA (wbSoEA) further in this paper. Although there are a number of different viewpoints how wbSOA (and wbSoEA) should be implemented using web services, Microsoft Windows Communication Foundation [20] , IBM Websphere [21] , SAP Enterprise SOA [22] among others, it is possible to discuss these issues at the most general conceptual level.
According to SOA Reference Architecture specification, a web service is "…a mechanism to enable access to one or more capabilities, where the access is provided using a prescribed interface and is exercised consistent with constraints and policies as specified by the service description" [18] .
It means that web services are used to wrap the distributed components (or some legacy software) and to implement service providers' interfaces. In other words, a web service is the mechanism that converts components (or legacy software) into EBSs by encapsulating EBS providers and by creating unified platform agnostic interfaces, which allow accessing EBSs via the Internet. The W3C open specification [23] defines a platform independent XML-based machine-readable interface description language -Web Services Description Language (WSDL) -which allows describing the functionality offered by a web service that wraps the component or other software. Web services platform also provides a number of other open specifications centred around interface descriptions based on WSDL, web services messaging framework, and service description registration and discovery.
SoEA is "a style of design that guides all aspects of creating and using business services throughout their lifecycle (from conception to retirement)" [24] . SoEA provides guidelines for creating and using service-oriented applications. SoES is business-driven, that is, it must support enterprise's business strategy and objectives. It means that business processes in SoES must be designed keeping in mind this goal. On the other hand, business processes should be translated into abstracted and normalised EBSs drawing on global data types. Normalisation means that each EBS should be designed with the intent to avoid functional overlaps and to reduce the redundancies in EBSs, i.e., to avoid similar or duplicate bodies of service logic. Global data types are enterprise-wide defined data types based on the international standards [25] .
EBSs have also some specifics. First of all, all EBSs, including those maintained by the external providers, should be designed, developed and deployed in compliance with enterprise-wide standards. It means that the structures of both services and messages must be unified [26] . All the EBS interfaces must be clearly defined and stable, and make use of global data types [27] . The enterprise business service must meet the functional objectives within the context of the business unit and the enterprise [28] . Internal directory service must be provided for registration and discovery of EBSs. This specific enables one to balance viewpoints of different EBS stakeholders, i.e., to apply the approach proposed in our paper.
A View-based Approach to QoS Modelling in Service-oriented Enterprise Systems
Despite the fact, that there are a number of QoS definitions, this term still remains not well defined and frequently is misused [29] . The term QoS was introduced in telecommunications, where it was focused on the service performance measures from the network perspective. Later it was extended, including even hardly related to quality characteristics such as service requestor's satisfaction or service cost 1 . At present, the term QoS refers to several different things. As stated in [4] , "This set of quality attributes does not characterize only the service but any entity used in the path between the service and its client. Such an entity may exist in any of the three possible service levels. Thus, different QoS attributes may be used to define the QoS in the application, service, and infrastructure levels." There the term client refers to the service requestor.
In the context of SoES, the quality of an EBS is typically addressed by the term QoS for web services (WS QoS) that, unfortunately, causes some confusion. One of the most popular WS QoS definitions is presented in [30] , where this term is defined as "a set of nonfunctional attributes of the entities used in the path from the WS to the client that bear on the WS's ability to satisfy stated or implied needs in an end-to-end fashion". The definition speaks about EBS end-to-end quality but calls it web service quality. However, in many contexts it is important to distinguish between these qualities, i.e., to differentiate between the extent to which an EBS satisfies stated or implied service requestor's needs and the manner in which this EBS is delivered. Using the terms proposed by Ch. Grönroos [31] , it is important to distinguish between EBS technical quality and EBS functional quality. As pointed out in [32] , a variety of factors, including resource constraints, market conditions, and incompetence of available developers, may result in a discrepancy between the real needs of end user and the actual Service Level Agreement. Consequently, the gap often appears between service requestor's needs and service owner's treatment of those needs. Besides, from service requestor point of view, often it is important not only to satisfy his or her needs but also to take into account some additional factors. Thus, it is confusing to use the term WS QoS to address the end-to-end quality experienced by an EBS requestor.
Besides, the definition presented in [30] and similar ones emphasise only one aspect of the concept, namely, non-functional attributes. It is also unclear whose viewpoint (service requestor's, service owner's, etc.) it represents. The Web Service Quality Model (WSQM) [11] , [12] proposed by OASIS attempts to take into account the many-sided nature of the concept. However, this model still does not encompass all aspects of EBS quality and is not purported to balance them. Thus, there is still a need to develop a framework that encompasses and balances all viewpoints and perspectives on EBS quality at a higher abstraction level.
We advocate that the consideration of QoS in the context of SoES should be performed applying view reconciliation methodology, which in the field of Computer Science was originated by SADT methodology [33] and J. Leite's PhD thesis [34] , and was further developed mainly in software requirements engineering. Our claim is motivated by the fact that QoS requirements to some extent are akin to software quality requirements.
In the view reconciliation methodology, basic terms are viewpoint, perspective, and view. In our approach, the term viewpoint refers to an attitude used to define EBS QoS. Following [35] , we define two kinds of viewpoints: viewpoints associated with a particular role and viewpoints reflecting a particular standpoint. Our hypothesis is that, despite many differences between the tangible products (e.g., software products) and intangible services, definitions of QoS may be grounded by the same attitudes to quality as definitions of the quality for products [36] . In accordance with this hypothesis, we define the following viewpoints on the EBS quality:  Metaphysical viewpoint. EBS quality is a degree of excellence where excellence is defined as an abstract ideal, which shows the direction where services are heading to but will never get there.  Cost-based viewpoint. EBS quality is a degree of excellence at an acceptable price.  Value-based viewpoint. EBS quality is an adequacy of service to requestor's values and preferences. It differs depending on service requestor for whom it is defined.  Pragmatic viewpoint. EBS quality is the balance of features and characteristics of service that bear on its ability to satisfy stated or implied needs of service requestor. It depends on a particular context in which the service is consumed or, in other words, the judgment about the quality of a service depends on the aims and goals for which this service is intended to be consumed.  Provider's viewpoint. EBS quality is the compliance with the stated requirements, which are mostly formulated in business and technical terms.  Designer's viewpoint. EBS quality is something that is defined by the values of quantifiable and measurable internal characteristics of a service. This viewpoint assumes that the greater the number of desired attributes possessed by a service, the higher the quality of service.
In the proposed approach, the term perspective is defined as some aspect of the EBS quality on which any viewpoint, in principle, may be focused. It does not mean that all perspectives necessary cut across all viewpoints. Some viewpoints, for example, metaphysical ones, may ignore some perspectives.
A perspective defines a subset of QoS characteristics that are observed from the viewpoint. It is supposed that each pair <viewpoint, perspective> defines a different subset of QoS characteristics because any viewpoint focuses only on the quality aspect which is its concern. However, the intersection of such subsets does not necessarily have to be an empty set.
On the basis of a concept-centric literature survey on the QoS and our experience, we consider the following EBS quality perspectives:  Presentation perspective. This perspective describes EBS quality from the point of view of the presentation of information produced by an EBS for service requestors. To some extent it overlaps with the data quality mentioned in [4] . The description includes: the relevance, granularity, and level of detail of presented information; its accuracy, consistency, completeness, and timeliness; appropriateness of its visualisation, perspicuity, and transparency for a service requestor; etc. One of the problems arising in the context of SoEA in describing QoS from this perspective is the separation of concerns between EBS itself and software, which is implemented by a service consumer. The latter describes rather the quality of the whole SoEA system than the quality of a service.  Transportation perspective. This perspective describes EBS quality from the network point of view. The description includes the response time, maximal throughput, service availability, network reliability, etc. In the context of SoEA, the problem of the separation of system and service concerns arises again.  Infrastructure perspective. This perspective describes EBS quality from the implementation platform point of view. The description includes the performance, reliability, security and other related issues. In SoEA the implementation platform usually is shared among many or even all services. As a result, the problem of the separation of system and service concerns arises again.  Web service perspective. Web service is the software that exposes EBS. Thus, the quality of implementation of the software affects the quality of the whole EBS. However, it is even more important to evaluate the software, first of all, as a service but not as a software product. It means that the description of this perspective along with the reliability, security and other product-related issues must describe messaging, responsiveness, courtesy (politeness, respect for service requestor, friendliness, etc.).  Application perspective. As a rule, the functionality of an EBS service is implemented by some application, i.e., by some software component or some legacy software. In various implementation platforms the components are named differently, for example, in Microsoft Windows Communication Foundation [20] the components are addressed to using a term service classes. The non-functional properties of the application affect the quality of the whole EBS. The application perspective describes the nonfunctional properties of a component as a software product or EBS technical quality.  Data perspective. According to [37] and many other sources, in SoES there is a special kind of services -SoES data service. In such services, web services encapsulate data and the supported behaviour, for example, the operations that manipulate the data. The term data is used here to address data stored in the enterprise's data bases, as well as XML documents and various contents: "…a single data service will usually only expose or manipulate a core set of data, rather than all data for the entire enterprise" [37] . It is obvious that the quality of encapsulated data essentially affects the QoS of the whole SoEA service as well as QoS of components processing these data. Thus, the data perspective describes EBS quality from the point of view of the quality of encapsulated data.  Domain perspective. The domain-dependent EBS quality attributes capture those properties which are specific to a particular business domain, for example, for online banking services or for online streaming multimedia services. In addition, for practical reasons, even the attributes that are defined in all business domains can be treated differently in different domains [30] . The specific nature of a particular domain may affect weights assigned to the values of such EBS quality attributes. For example, in online streaming multimedia services the attribute bitsper-second is more important than the security. In online banking services, vice versa, the security is more important than the bits-per-second [38] . Inter alia, despite the fact that media applications, including video-oriented ones, also emerge in SoEA systems, up to date they are rather marginal there (an exhaustive discussion on the QoS of video-oriented services can be found in [39] ). In SoEA system, the domain perspective describes EBS quality from the point of view of a particular (internal) enterprise domain, for example, manufacturing or human resource management.  Socio-economic perspective. This perspective describes EBS quality from the point of view of business, economic and social issues. The price of service, payment mode (e.g., kinds of accepted bank cards), legal constraints, and other similar issues should be described. Business effect of the service is one of the most important socio-economic characteristics for the EBS. There is one more perspective that describes EBS quality from a service composition point of view [9] . However, in this paper we ignore it because of the limited space we do not consider the modelling of EBS composition quality.
In the proposed approach, the term view refers to the result of integration of perspectives taken from the same viewpoint. In this paper, we discuss neither the integration of perspectives nor viewpoint construction techniques, nor the view balancing techniques because the research is still in progress. The preliminary viewpoint construction techniques were developed by generalising, composing, extending, and modifying the perspective integration techniques proposed in the traditional requirements engineering [34] , [35] , business process modelling [40] , enterprise modelling [41] , architecture engineering [42] , and development of distributed applications [43] . To balance the views, we model them as weighted QoS goals [44] , [45] and try to apply interactive balancing procedure inspired by [40] .
However, all these techniques and procedures should be investigated experimentally and may be modified.
Conclusion
Despite the increasing importance of service-oriented systems and numerous publications on QoS, this concept still remains rather vague defined. It is due to complexity, multi-dimensionality, and multi-sided and context-dependent nature of this concept. The QoS may be considered from a service owner's, requestor's, designer's, network's and other perspectives. Significant part of scientific publications is devoted to the quality perceived by a service requestor. However, it is not a simple task to precisely define the perceived quality, because this quality is associated with subjective estimates depending on requestor's expectations, past experience and preferences that in turn can be influenced even by the present fashion trends and the word of mouth. On the other hand, this concept is very important because the lack of common understanding of QoS is a serious obstacle to direct efforts of all stakeholders of service-oriented system under development towards a particular common cause. Of course, in those service-oriented systems, which work in unpredictable open-word settings without the clear boundary between a system and its environment, such common understanding cannot be achieved even in principle, because such systems are rather dynamically composed at run-time than systematically designed and developed.
The service-oriented enterprise systems can be considered at least partly based on the closed-world assumption and, consequently, can systematically be designed and developed. Besides, such systems less suffer from the distributed service delivery accountability. As a rule, the enterprise itself owns the most part of EBS and networks, and has long time contracts with the external service owners. Nevertheless, the current QoS modelling approaches -taxonomy-based, activity-based, and ontology-based ones -cannot serve for the modelling of the often contradictory QoS requirements stated by different stakeholders and for the balancing of these requirements.
The paper proposes a conceptual view-based framework for modelling and balancing different views on quality. It assumes that construction of viewpoints can be carried out by applying the combination of slightly modified and adapted for SOES context view construction techniques, which were developed in the traditional requirements engineering, business process modelling, enterprise modelling, architecture engineering, and development of distributed applications. It also suggests that in a service-oriented enterprise system it is possible to balance views, which reflect different viewpoints, by modelling these views as weighted QoS goals, and to balance these goals by applying an interactive procedure.
